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1. Methods: Small for gestational age births were stratified by maternal age and compared by smoking status. Descriptive statistics are presented for each category, and for the entire sample. Number of subjects and percent of total are reported. 

Inference: The table below describes the numbers of small for gestational age births by smoking status, stratified by maternal age. Smoking status was missing for 4 subjects who were excluded from analysis. Percent of small for gestational age births tended to be higher in the smoking group than the non-smoking group, and tended to be lower with increasing age. The exception to this was the non-smoking 25-29 year age group, which had a higher percentage of small for gestational age births than the 20-24 year age group. 
	
	Small for Gestational Age Births*

	Maternal Age (years)
	Smokers
(n=231)
	Non-Smokers
(n=520)
	All subjects

(n=751)

	<20
	  9/36   (25.0%)
	16/95   (16.8%)
	25/131 (19.1%)

	20-24
	17/85   (20.0%)
	16/184   (8.7%)
	34/217 (12.6%)

	25-29
	11/63   (17.5%)
	20/142 (14.1%)
	31/205 (15.1%)

	≥30
	  8/47   (17.0%)
	  7/99     (7.1%)
	15/148 (10.1%)

	All Ages
	45/231 (19.5%)
	59/520 (11.4%)
	105/755 (13.9%)


* Described as sample n/total n (%)

2. Methods:  We used a logistic regression model to evaluate the ratio of odds of delivering a small for gestational age infant between groups defined by maternal smoking status. Smoking status was missing for 4 subjects who were excluded from analysis. The results of the logistic regression provided log odds, which were then exponentiated to obtain the odds. The odds of delivering a small for gestational age infant in the non-smoking group was equal to the regression intercept, with the ratio of the odds between groups equal to the slope. The odds of delivering a small for gestational age infant in the smoking group were calculated by the product of the intercept and slope. Results include the odds ratio with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.
a. Inference: The odds of delivering a small for gestational age infant were 0.128 in the non-smoking group (n=520), with an odds ratio of 1.89. The product of those two values was the odds of delivering a small for gestational age infant in the smoking group (n=231), which was 0.242. The observed odds ratio of 1.89 would not be unusual if the ratio of odds were 1.24 to 2.89 (95% CI). This is statistically significant (p=0.003), so we can reject the null hypothesis that the ratio of the odds of delivering a small for gestational age infant between the smoking and non-smoking group is equal to 1.

b. Methods: The odds of delivering a small for gestational age (SGA) infant were extracted from the logistic regression analysis as described above. The probabilities were then calculated using the formula p = (odds) / (1+odds). 

Odds and Probability of Delivering an SGA Infant, by Smoking Status

	
	Odds
	Probability

	Smokers
	0.242
	0.195

	Non-Smokers
	0.128
	0.113


The probabilities calculated here are equal to the percent totals for the “all ages” group as described in problem 1. The odds were not reported in problem 1, but could have easily been calculated from the probability (odds = p / (1-p)).

i. If, instead of the logistic regression analysis above, we had created an indicator “nonsmoker”, and we then fit a logistic regression model of response “sga” on predictor “nonsmoker,” the result would have been the reverse of the analysis above. The intercept would instead be the odds of the smoking group delivering an SGA infant (0.242), and the odds ratio would be the inverse of the one reported above (1/1.89 = 0.529).
ii. If, instead of the logistic regression analysis above, we had created an indicator “notsga”, and we fit a logistic regression model of response “notsga” on predictor “smoker,” both the intercept and the odds ratio would be the inverse of the initial analysis (intercept: 1/0.128 = 7.81, odds ratio: 1/1.89 = 0.529)
iii. If we had fit a logistic regression model of response “notsga” on predictor “nonsmoker,” the odds ratio would be the same as the initial analysis (1.189), but the intercept would be the inverse of the odds of the smoking group delivering an SGA infant (1/0.242 = 4.13).

3. Methods:  We used a classical linear regression model with Huber-White sandwich estimator, allowing for heteroscedasticity between groups, to evaluate the difference in probabilities of delivering a small for gestational age infant between groups defined by maternal smoking status. Smoking status was missing for 4 subjects who were excluded from analysis. The probability of the non-smoking group delivering a small for gestational age infant was equal to the regression intercept, with the difference in probabilities between groups equal to the slope. The probability of the smoking group delivering a small for gestational age infant was calculated by the sum of the intercept and slope. Results include difference in proportions with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.

a. Inference: The probability of delivering a small for gestational age infant was 0.113 in the non-smoking group (n=520), with difference in proportions of 0.081. The sum of those two values was the probability of delivering a small for gestational age infant in the smoking group (n=231), which was 0.194. The observed difference in probability of 0.081 would not be unusual if the true difference in probability was between 0.023 and 0.140 (95% CI). The difference is statistically significant (p=0.006), so we can reject the null hypothesis that there is no difference in the probability delivering a small for gestational age infant between the smoking and non-smoking group.
b. Methods: The probability of delivering a small for gestational age (SGA) infant was extracted from the linear regression analysis as described above. The odds were then calculated using the formula odds = p / (1-p). 

Odds and Probability of Delivering an SGA Infant, by Smoking Status

	
	Odds
	Probability

	Smokers
	0.241
	0.194

	Non-Smokers
	0.128
	0.113


The probabilities extracted from the linear regression analysis are equal to the percent totals for the “all ages” group as described in problem 1. The odds were not reported in problem 1, but could have easily been calculated from the probability (odds = p / (1-p)).
i. If, instead of the linear regression analysis above, we had created an indicator “nonsmoker”, and we then fit a linear regression model of response “sga” on predictor “nonsmoker,” the result would have been the reverse of the analysis above. The intercept would instead be the probability of the smoking group delivering an SGA infant (0.194), and the slope would be the negative value of the one reported above (-0.081).

ii. If, instead of the linear regression analysis above, we had created an indicator “notsga”, and we fit a linear regression model of response “notsga” on predictor “smoker,” the intercept would be the inverse probability of the initial analysis (1-0.113 = 0.887) and the slope would be the negative value of the initial analysis (-0.081).
iii. If we had fit a linear regression model of response “notsga” on predictor “nonsmoker,” the slope would be the same as the initial analysis (0.081), but the intercept would be the inverse probability of the smoking group delivering an SGA infant (1 – 0.194 = 0.806). 

4. Methods:  We used a poisson regression model to evaluate the ratio of probability of delivering a small for gestational age infant between groups defined by maternal smoking status. Smoking status was missing for 4 subjects who were excluded from analysis. The results of the poisson regression provided log probability, which were then exponentiated to obtain the probability. The probability of delivering a small for gestational age infant in the non-smoking group was equal to the regression intercept, with the ratio of the probabilities between groups equal to the slope. The probability of delivering a small for gestational age infant in the smoking group was calculated by the product of the intercept and slope. Results include the incidence rate ratio with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.

a. Inference: The probability of delivering a small for gestational age infant was 0.113 in the non-smoking group (n=520), with an incidence rate ratio of 1.72. The product of those two values was the probability of delivering a small for gestational age infant in the smoking group (n=231), which was 0.195. The observed incidence rate ratio of 1.72 would not be unusual if the ratio of probabilities were 1.20 to 2.45 (95% CI). This is statistically significant (p=0.003), so we can reject the null hypothesis that the ratio of the probabilities of delivering a small for gestational age infant between the smoking and non-smoking group is equal to 1. 

b. Methods: The probability of delivering a small for gestational age (SGA) infant was extracted from the poisson regression analysis as described above. The odds were then calculated using the formula odds = p / (1-p). 

Odds and Probability of Delivering an SGA Infant, by Smoking Status

	
	Odds
	Probability

	Smokers
	0.242
	0.195

	Non-Smokers
	0.128
	0.113


The probabilities extracted from the linear regression analysis are equal to the percent totals for the “all ages” group as described in problem 1. The odds were not reported in problem 1, but could have easily been calculated from the probability (odds = p / (1-p)).

i. If, instead of the poisson regression analysis above, we had created an indicator “nonsmoker”, and we then fit a poisson regression model of response “sga” on predictor “nonsmoker,” the result would have been the reverse of the analysis above. The intercept would instead be the probability of the smoking group delivering an SGA infant (0.195), and the incidence rate ratio would be the inverse of the one reported above (1/1.72 = 0.581).

ii. If, instead of the poisson regression analysis above, we had created an indicator “notsga”, and we fit a logistic regression model of response “notsga” on predictor “smoker,” the intercept would be the inverse probability (1 – 0.113 = 0.887).

iii. If we had fit a poisson regression model of response “notsga” on predictor “nonsmoker,” the intercept would be the inverse probability of the smoking group delivering an SGA infant (1 - 0.195 = 0.805).
5. The regression methods performed above would have very similar estimates to the ones performed with basic descriptive methods, as performed in problem 1, when they are modeling a binary variable. The values when x=0 and x=1 are usually the same (so estimates for each of the values of the binary variable). It is when modeling a continuous variable that the estimates would vary (not only between regression methods but also between the sample data and regression analysis). 
a.  Methods:  A classical linear regression model with Huber-White sandwich estimator, allowing for heteroscedasticity between groups, was used to evaluate the difference in probabilities of delivering a small for gestational age infant by maternal age. Results include difference in proportions with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.

Inference: The observed difference in probability of delivering an SGA infant is -0.005, meaning that the probability is an absolute 0.5% less for each increase in maternal age by 1 year. This observed difference would not be unusual if the true difference in probability was between 0.03% and 0.9% less per increase in age by 1 year (95% CI). The difference is statistically significant (p=0.036), so we can reject the null hypothesis that there is no difference in the probability of delivering a small for gestational age infant by maternal age. The graph of the expected values is displayed below in part 7.b.i. (as calculated from the derived formula P = (-0.0045)AGE + 0.251).
b. Methods:  A poisson regression model was used to evaluate the ratio of probability of delivering a small for gestational age infant by maternal age. The results of the poisson regression provided log probability, which were then exponentiated to obtain the probability. Results include the incidence rate ratio with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.

Inference: The observed incidence rate ratio was 0.966, meaning that there is a relative 3.4% decrease in the probability of delivering an SGA infant for each increase in maternal age by 1 year. This observed IRR would not be unusual if the ratio of probabilities were between 0.934 and 0.999 (95% CI), corresponding to a relative decrease in probability of 0.1% to 6.6% for each year increase in maternal age. This is statistically significant (p=0.046), so we can reject the null hypothesis that the ratio of the probabilities of delivering a small for gestational age infant is no different by maternal age. The graph of the expected values is displayed below in part 7.b.ii. (as calculated from the derived formula P = e^((-0.034)AGE – 1.14)).
c. Methods:  A logistic regression model was used to evaluate the ratio of odds of delivering a small for gestational age infant by maternal age. The results of the logistic regression provided log odds, which were then exponentiated to obtain the odds. Results include the odds ratio with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.
Inference: The observed odds ratio was 0.961, meaning that the odds of delivering an SGA infant is a relative 3.9% less for every increase in maternal age by 1 year. This difference would not be unusual if the ratio of odds were between 0.923 and 1.001 (95% CI). This is not statistically significant (p=0.054), so we cannot reject the null hypothesis that the ratio of the odds of delivering a small for gestational age infant is no different by maternal age. The graph of the expected values is displayed below in part 7.b.iii. (as calculated from the derived formula P = e^((-0.040)AGE – 0.853)).
d. The table below describes the fitted probability values for each of the different models described above, as well as the sample probabilities as derived from the data. The sample probability is significantly lower than the probabilities derived from the three different models at a maternal age of 20 years, although this appears to be mostly due to variability in the data, as there is much less discrepancy between the age values above and below 20.
	
	Fitted Values (Probability)
	Sample Values (Probability)

	Age (yr)
	Linear
	Poisson
	Logistic
	

	18
	0.170
	0.173
	0.172
	0.250 (n=40)

	19
	0.166
	0.168
	0.166
	0.148 (n=54)

	20
	0.161
	0.162
	0.161
	0.075 (n=40)

	21
	0.157
	0.157
	0.155
	0.172 (n=58)

	22
	0.152
	0.151
	0.150
	0.138 (n=80)
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e. Methods:  A logistic regression model was used to evaluate the ratio of odds of delivering a small for gestational age infant by log transformed maternal age (using log base 2). The results of the logistic regression provided log odds, which were then exponentiated to obtain the odds. Results include the odds ratio with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.
Inference: The observed odds ratio was 0.516, meaning that the odds of delivering an SGA infant is a relative 48.4% less for every two-fold increase in maternal age. This difference would not be unusual if the ratio of odds were between 0.265 and 1.01 (95% CI). This is not statistically significant (p=0.056), so we cannot reject the null hypothesis that the ratio of the odds of delivering a small for gestational age infant is no different by log transformed maternal age. 

f. It does not make much sense to run the analysis above on log transformed age due to the relatively small range of age. Even using log base 2, discussing the inference on the sample in terms of “two-fold,” when the lowest value is about 2-fold less than the highest value is not very informative. Using a higher log base would make this even worse. There also are no significant outliers to the age data that would make it more useful to use the log transformation.
